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Abstract
During the last years the number of cities that have installed and started operating shared
bike systems has significantly increased. These systems provide an alternative and sustain-
able mean of transportation to the city dwellers. Apart from the energy sustainability bene-
fits, shared bike systems can have a positive effect on residents’ health, air quality and the
overall condition of the currently crumbling road network infrastructure. Anecdotal stories
and survey studies have also identified that bike lanes have a positive impact on local busi-
nesses. In this study, driven by the rapid adoption of shared bike systems by city govern-
ments and their potential positive effects on a number of urban life facets we opt to study
and quantify the value of these systems. We focus on a specific aspect of this value and use
evidence from the real estate market in the city of Pittsburgh to analyze the effect on dwell-
ers’ properties of the shared bike system installed in the city in June 2015. We use quasi-
experimental techniques and find that the shared bike system led to an increase in the hous-
ing prices (both sales and rental prices) in the zip codes where shared bike stations were
installed. We further bring into the light potential negative consequences of this impact (i.e.,
gentrification) and discuss/propose two public policies that can exploit the impact of the sys-
tem for the benefit of both the local government as well as the city dwellers.
1 Introduction
The age-old concept of cities as the paramount instrument of innovation and wealth creation
has led to the unprecedented levels of urbanization that we have witnessed during the last
decade. However, this comes with a price; cities have become the main source of crime, dis-
eases and pollution, significantly deteriorating the quality of life of their inhabitants. One of
the main factors contributing to air-pollution is the deep-rooted preference of city dwellers for
private automobile mobility. Part of this preference is a result of the way planners designed cit-
ies in the mid 20th century, having in mind models such as the Radiant City of Le Corbusier.
This resulted in inefficient or even complete lack of multimodal transportation systems.
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Apart from the associated pollution, the increase in the number of automobiles in the
streets leads to increased congestion and commute times which reduces the overall emotional
health of dwellers. During the last years, urban planners have started re-thinking the mobility
modes in a city and have come to realize that if we are to have a resilient, livable and sustain-
able urban environment we need to increase the diversity of urban mobility modes. This reali-
zation, in conjunction with the rapid advancements in mobile and ubiquitous computing that
facilitates deployment and usage, has resulted in a number of cities worldwide replicating the
successful experiment that started mainly in French cities in 2006, by adopting shared bike sys-
tems. These systems provide features of on-demand transportation similar to automobiles (in
contrast to traditional public transit modes such as buses and the subway) while being at the
same time a more energy efficient and healthy option. Of course, the practical range of this
transportation mode is much more limited as compared to automobiles. Users can pick up
and drop off the system’s bicycles from fixed docks around a city that they can identify through
the web or a mobile application.
Despite the anecdotal claims for the potential environmental, economic and health benefits
of shared bike systems (and alternative transportation modes in general) there is very little
scientific evidence and studies to date to support them. For example, a recent study in Wash-
ington, DC [1], based on surveys with business owners (e.g., retail shops, restaurants etc.),
reported that approximately 20% of them perceived a positive effect from the city’s shared bike
system. Furthermore, a survey study from Oregon Transportation Research and Education
Consortium [2] found that bike rider customers can spend more in the long run as compared
to car drivers customers. While they spend less per trip, they also visit the establishments more
often. In our work we aim at complementing similar studies by quantifying the “value” added
from the shared bike systems on a specific aspect of urban life, namely, housing. We will not
rely on the subjective perception and retrospective view of the involved parties, but rather we
will utilize appropriate, objective, datasets. In particular, we examine the effect of a shared bike
system on the real estate market by collecting the relevant data from the city of Pittsburgh.
Home prices capture not only the value of the actual building but also the land value of the sur-
rounding environment. Hence, they can provide a collective and objective representation of
the importance of the shared bike systems for the city dwellers.
Having an objective valuation for the shared bike systems in various aspects of urban life is
of great importance, since it can lead to educated policy making. For example, the existence of
a direct impact on the real estate prices can be proven a burden to city dwellers in the long run
due to the increased property taxes. This can lead, if local governments are not careful, to a
new form of gentrification. Lower income families will be displaced from these areas and will
have no access to the shared bike system. Note here also that, these are the families that most
probably cannot afford the ownership of an automobile and hence, would benefit the most
from affordable shared bike systems. Hence, policies need to be in place to avoid similar pit-
falls. We elaborate on potential policies in Section 4.
The main contributions/findings of our work can be summarized in the following:
• We identify a clear positive effect of shared bike systems on the real estate market (in the city
of Pittsburgh)
• We examine both the microscopic (within a city) as well as the macroscopic (between cities)
effects on the real estate market
• We examine the impact of the shared bike system on the housing rental market in the city of
Pittsburgh
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• We propose policies that can exploit this positive impact for the benefit of both the local gov-
ernments as well as the general population.
We would like to emphasize here that our conclusions are based on the analysis from the
real estate market in the city of Pittsburgh. These conclusions are not necessarily transferable
to other metropolitan areas. For instance, while our conclusions might hold for cities with the
same population, demographics and geography, the installation of a similar system in a mega-
city—e.g., NYC, Los Angeles etc.—might have much less impact on the real estate value, if
at all. However, we expect our study to stimulate further and deeper examination of similar
interventions.
1.1 Related studies
1.1.1 Shared bike and bike lanes infrastructure. With the rapid deployment of shared
bike systems around the globe a number of studies that examine the structure, operations and
efficiency of these systems have appeared. Faghih-Imani et al. [3] study the re-balancing prob-
lem of the available bikes at the stations and provide a model that is able to minimize the re-
balancing costs. Other studies utilize time-series analysis and models to estimate the state of
the system and the “pulse” of the city [4–6]. The temporal properties of the shared bike systems
[7, 8] further support the hypothesis that they are mainly used for commuting purposes.
Bike lanes (independent of the presence of a shared bike system) have also been the focal
point in a number of studies. There are many anecdotal stories for the positive impact of bike
lanes on local economy. For instance, the addition of bike lanes on Magnolia street at Fort
Worth has been reported to have increased restaurant revenues along the street by 179% [9].
Similar anecdotal stories have been reported for other cities as well (e.g., Denver [10]), while a
nice review of the economic benefits of bicycling is provided by Krizec [11].
Our work is complementary to the existing literature on bike systems and infrastructure
and aims at identifying the impact of a shared bike system on the city dwellers’ properties in
the city of Pittsburgh. A significant volume of literature that explores the connection between
traditional modes of transportation and housing prices that we briefly review in what follows.
1.1.2 Transportation and property values. The impact of transportation infrastructure
on the housing market has been an important topic in the transportation literature. However,
the vast majority of the existing research focuses on the traditional modes of transportation,
such as subway, buses and light rail. For example, a number of studies have evaluated the
impact of railway stations on property values. Dewees [12] found that the presence of a subway
station increases rent prices within a radius of 1/3 mile. Similar findings have been reported in
follow up studies (e.g., [13–15]), while other studies have reported insignificant or even nega-
tive impact on the neighboring real estate (e.g., [16]). This variability in the results can be
attributed to a variety of reasons [17]. For example, the different studies focus on different
areas, with different characteristics and different types of railway. In particular, the meta-anal-
ysis by Debrezion et al. [18] shows that the impact of commuter rail is much higher as com-
pared to that of light and heavy rail. In another meta-analysis Ryan [19] shows that the results
vary in a predictable manner based on the way that the accessibility to transport stations is
measured (i.e., whether the physical distance or the travel time is used). While these studies
examine the impact of the existing infrastructure, more recently, Efthymiou and Antoniou
[20] using data from Thesaloniki in Greece, evaluate the impact of a planned, i.e., not yet func-
tional, subway line on the sales and rent prices of houses. Even though rent prices are not sig-
nificantly affected the sales prices are negatively impacted, potentially due to the negative
externalities associated with the construction phase that is projected to last for 5 years. In
another direction, Diaz and McLean [21] identify an additional way that property values near
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light railway systems can benefit in the long term. In particular, the rail accessibility will make
the developement in the area attractive, which will in turns increase the land and property
value.
Complementary to the existing studies, we focus on an alternative and sustainable mode of
transportation, namely biking. Similar types of transportation are central to the new urbanism
movement that has gained momentum the last few years and hence, it is crucial to evaluate
their effects.
2 Materials and methods
In this section we will first describe the types of datasets that we collected for our study as well
as, the difference-in-differences method upon which we will build our analysis.
2.1 Pittsburgh bike share system
The city of Pittsburgh has installed 50 shared bike stations, with an average capacity of 15 bikes
per station and a total of 500 bikes that started operating in June 2015. These stations are
installed in 12 different zip codes and started operating during the same time. Within the first
year of operation (but outside of our analysis period), 3 of the original stations have been re-
located from their original position. The distribution of the stations is not uniform, with some
zip codes having more infrastructure than others, with a median of 3 stations per zip code. Fig
1 depicts a heatmap with the spatial distribution of the shared bike stations at the zip code level
from part of the Pittsburgh metro area (zip code borders are marked with orange lines). For
Fig 1. The non-uniform spatial distribution of the stations provides a setting that will allow us to examine the microscopic effects
on real estate at the zip code level.
https://doi.org/10.1371/journal.pone.0184092.g001
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example, zip code 15222 has the largest number of stations, 12 in total, and corresponds to the
downtown Pittsburgh area. Users can pick up a bike from any station and drop it off to any
other station. Users are charged either on a per ride-basis or through a subscription model that
provides unlimited rides of 30 or 60 minutes duration.
Even though we have observational data, the installation process of the system in Pittsburgh
allows us to evaluate its effect in the city’s real estate in a manner that resembles an experimen-
tal study. In particular, the market in the city of Pittsburgh has been exposed to the “treatment”
of bike share system, while at the same time other similar metropolitan areas have not, thus
serving as the control for our study (while we elaborate more in the following section Fig 2
presents the cities we used for comparison. Furthermore, supplementary material S1 Text
presents relevant demographic information). Despite the fact that we did not randomly assign
the treatment (i.e., decide on which city to install the system), the assignment process itself
that governs the exposures arguably resembles a random assignment, since each one of these
metropolitan areas could have installed a system as well. This is exactly the setting of a natural
experiment that can pave the way beyond simple correlation analysis. Furthermore, the fact
that bike stations have not been installed in all zip codes in Pittsburgh metro area is crucial for
our study. Another important point is that our discussions with the share bike system operator
revealed that there was not any particular planning that went in the initial deployment phase
with regards to the locations that the stations were installed (other than making sure the net-
work is connected). While we do not expect that this process is an exact replication of a ran-
domized experiment—since certainly there are cognitive biases that lead humans make
Fig 2. The cities we used for comparison are within driving distance to the city of Pittsburgh in order to ensure
exposure to similar geographical dynamics to the extend possible.
https://doi.org/10.1371/journal.pone.0184092.g002
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choices by subconsciously considering specific parameters—this process, in conjunction with
some of our experimental design choices discussed later, should minimize any correlations
between our dependent variable and other omitted variables from our model. This experimen-
tal setting allows us to compare the real estate valuation between areas in the Pittsburgh region
where the transportation system has been affected by the shared bike system and areas where it
has not. Simply put we will be able to examine the microscopic effects (i.e., at the zip code
level) of the newly installed bike system on the real estate value.
2.2 Real estate Zillow data
In order to evaluate the effect of the shared bike system on the real estate market we collected
data from Zillow, an online real-estate database that provides information about real estate
sales and estimates of homes in the United States. Zillow also provides historic information
dating back to 1996 on a monthly basis. Zillow provides the Zillow Home Value Index (ZHVI)
calculated using both public and user-submitted data through a proprietary formula. Similarly,
Zillow provides information about the rental properties, through the Zillow Rent Index (ZRI).
For our study we collect the following information:
• Time-series data for the ZHVI for all homes in 10 selected metro areas (including Pitts-
burgh) the choice of which is described in Section 3.
• Time-series data for the ZHVI and ZRI in the zip codes within Pittsburgh metro. We collect
different time-series for all homes as well as, 1, 2, 3, 4 and more than 5 bedroom dwelling
units separately.
At the zip code level, there is some missing information from the Zillow dataset. In particu-
lar, the time-series for 3 out of the 12 zip codes that include shared bike docks, are missing
from the Zillow dataset. This might be due to various reasons, such as lack of information for
past transactions in the area etc.
2.3 Difference in differences
The difference in differences (DD) [22] is a quasi-experimental technique that aims in identify-
ing the effect of an intervention using observational data. The difference-in-differences
method has been extensively used in the (applied) econometrics literature for making causal
inferences from observational data and quantifying the impact of various public policies and
interventions. For example, Greenwood and Wattal [23] used DD to quantify the impact of
Uber operations on the drunk driving related homicides in two cities in California, while
Chan and Ghose [24] studied the impact of the introduction of classified ads on the transmis-
sion of HIV. Using the same methodology, Chevalier and Mayzlin [25] studied the impact of
book reviews on sales. In this work, we are using the difference-in-differences method to esti-
mate the impact of the installation of shared bike system on the real-estate market, examining
two specific hypotheses that we will develop in the following section.
DD requires observations obtained in different points in time, e.g., t1 and t2 (t1 < t2), for
both the control (e.g., oc,1 and oc,2) and the treatment (e.g., oτ,1 and oτ,2) groups. The treatment
group is exposed to the intervention only during t2. The difference between oτ,2 and oc,2 does
not only include the effect of the intervention but it also includes other “intrinsic” differences
between the two groups. The latter can be captured by their difference during time t1, i.e.,
oτ,1 − oc,1, where the treatment group has not been exposed to the intervention. The DD
Economic impact and policy implications from urban shared transportation
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estimate is then:
dt;c ¼ ðot;2   oc;2Þ   ðot;1   oc;1Þ ð1Þ
This removes any biases in the comparison during t2 between the treatment and the control
group that could be the result from (i) permanent differences between those groups, as well as
(ii) biases from comparisons over time in the treatment group that could be the result of
trends.
The exactly same estimate for the DD can be formally derived through a linear regression
that models the dependent variable o. In particular, we have the following model:
oilt ¼ al þ bt þ d  Dlt þ ilt ð2Þ
where oilt is the dependent variable for instance i (at time t and location l), αl and βt are binary
variables that capture the fixed effects of location and time respectively, Dlt is a dummy vari-
able that represents the treatment status (i.e., Dlt = αl  βt) and ilt is the associated error term.
The coefficient δ captures the effect of the intervention on the dependent variable o. It is then
straightforward to show that the DD estimate d^ is exactly Eq (1). In particular, if olt is the sam-
ple mean of oilt and  lt is the sample mean of ilt, using Eq (2) we obtain:
ðo00   o01Þ   ðo10   o11Þ ¼ dðD00   D01Þ   dðD11   D10Þ
þ00   01 þ 10   11
ð3Þ
Taking expectations and considering the i.i.d. assumptions for the errors for the ordinary
least squares we further get:
E½ðo00   o01Þ   ðo10   o11Þ ¼ dðD00   D01Þ   dðD10   D11Þ ð4Þ
Given that the dummy variable D is equal to 1 only when l = 1 and t = 1 (i.e., for the treat-
ment group after the intervention), we finally get for the DD estimator:
d^ ¼ ðo00   o01Þ   ðo10   o11Þ ð5Þ
which is essentially the same as Eq (1). Therefore, one can estimate the DD using either of the
Eqs (1) or (2). Fig 3 further depicts the estimation process. In order for the conclusions of a dif-
ference-in-differences analysis to be robust, the parallel trend assumption needs to hold. This
assumption essentially states that the average change in the control group represents the coun-
terfactual change expected in the treatment group if there was no treatment. Simply put, if
there was not any treatment applied, we would have: (oτ,2 − oc,2) = (oτ,1 − oc,1), that is, the two
groups would have a stable difference. This assumption is crucial for the conclusions to hold
and many times overlooked when the method is applied. However, we formally show in Sec-
tion 3 that the parallel trend assumption holds in our dataset.
The control and treatment groups/subjects are defined based on the spatial granularity of
our analysis. In our study we are interested in both the macroscopic as well as the microscopic
effects of the shared bike systems. Hence, in the first case, our treatment group is the whole
city of Pittsburgh and the observation is the median housing price in the city, while the control
group involves neighboring cities—with similar population and certainly below 1 million
dwellers—that have not installed shared bike systems during the period covered by our study.
We are focusing on neighboring cities (of similar population) in order to assure, to the extent
possible, that the cities compared are subject to similar externalities related with the geography.
In the case of microscopic effects, the subjects are defined as urban areas at the zip-code level,
i.e., every zip-code in the Pittsburgh metropolitan area is one subject. Furthermore, the
Economic impact and policy implications from urban shared transportation
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treatment group is defined as the set of subjects, i.e., zip codes, that include at least one shared
bike station within their borders.
One of the experimental setup decisions that we have to make is what exactly are the two
time-points that we will examine. Given that the system was installed and started operating on
June 2015, we consider as the “intervention” time observation to be July 2015, i.e., we observe
the median real estate price during July 2015. While this choice might appear to be too soon, it
reduces the probability that the property values capture the impact of other external events as
well. Simply put, we expect this experimental choice to minimize the impact of any omitted
variable. Furthermore, the details of the system were already known a few months prior to the
official inauguration of the system and hence, the prices can actually reflect this knowledge
and expectation as it progressed through this timeline [20]. Our pre-intervention time could
be May 2015, i.e., one month before the installation of the system. Nevertheless, for the same
reason, the May prices might reflect expectations from the bike share system. Therefore, we
choose as our pre-intervention time period to be January 2015, a time where the details for the
upcoming bike sharing system were vague and hence, could not have been reflected in the real
estate valuations.
2.4 Research hypotheses
As mentioned earlier there have been several studies that have revealed the positive link
between (commuter’s) public transportation accessibility and housing property value [12–15,
18, 21]. At the same time there is various anecdotal evidence that point to a positive impact of
biking infrastructure (e.g., bike lanes) on local businesses and economy. Hence, in this work
we combine these findings in the literature to develop a research hypothesis that aims into
examining the impact of shared bike systems on city dwellers’ property values. Furthermore,
the sales and rental markets exhibit different dynamics and are targeting different population
demographics. Current literature also has differentiated between the two markets when exam-
ining the link between transportation and real estate. For example, Landis et al. [26] explored
the impact of BART on housing sales and rentals separately, while Efthymiou and Antoniou
Fig 3. The difference-in-differences method.
https://doi.org/10.1371/journal.pone.0184092.g003
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[20] showed that the impact of upcoming transportation upgrades is different on sales and
rental values. Hence, we decide to examine the respective impacts separately. In particular, we
will examine the following two hypotheses.
Hypothesis 1 [Impact on DwellingUnits Values]: The presence of shared bike trans-
portation infrastructure impacts positively the housing values of nearby properties.
Hypothesis 2 [Impact on RentalPrice]: The presence of shared bike transportation infra-
structure leads to an increase in the prices of nearby rental properties.
In order to support or reject Hypotheses 1 and 2 we will rely on the ZHVI and ZRI data
from Zillow respectively, utilizing the difference-in-differences method described earlier. We
will further examine the presence of an impact on different spatial scales, that is, microscopi-
cally (i.e., intra-city) and macroscopically (i.e., inter-city).
3 Results
In this section we present our results and analyze the impact of the shared bike system at the
city of Pittsburgh both from a macroscopic as well as a microscopic point of view using the dif-
ference-in-differences method detailed in the previous section.
3.1 Hypothesis 1
We start by comparing the housing values in the city of Pittsburgh with those in other similar,
nearby cities. We then focus within the city of Pittsburgh by comparing the property values
within different zip codes based on the presence of shared bike stations.
3.1.1 Macroscopic effects. At a macroscopic level we are interested in examining what
happened in the real estate prices in the city of Pittsburgh, prior and after the installation of
the system, as compared to the case of other similar cities that did not have a bike share system
installed during this period. In our comparison we are focusing on cities that are within 4 to 5
hours of drive from the city of Pittsburgh and that have similar characteristics. As we can see
in supplementary material S1 Text, the cities picked have similar median age (standard devia-
tion 1.9 years) and income (standard deviation 6K), while they are all medium to moderately
small sized in terms of their population. Their geographic proximity and their demographic
similarities increases our confidence that these cities are potentially affected by the same envi-
ronmental and local economy externalities. To reiterate it is important that the cities we com-
pare with did not receive a similar treatment during the period of the study (they could have
installed earlier, but not during the time span we analyze).
Table 1 depicts the difference-in-differences estimate (Eq (1)) for every city. As we can see
the average difference-in-differences between the city of Pittsburgh and the cities in the control
group is δPittsburgh,c = $850 (p-value<0.05). Simply put, the operation of shared bike system in
the city of Pittsburgh, increased the median real estate price by an extra $850 on average as
compared to other nearby, similar cities, which did not get a similar treatment. These provides
initial evidence for the positive impact of the shared bike system on the housing value.
3.1.2 Microscopic effects. In this part of our analysis we are interested in examining the
effects of shared bike systems within the city of Pittsburgh with zip code being our spatial unit
for analysis. Let us denote the median housing value within the ith treated zip code, i.e., the ith
zip code that got shared bike stations, with zτ,i. We further denote with zc,j the median housing
value of the jth control subject, i.e., the median housing value of the jth Pittsburgh metro zip
code that did not get any shared bike station installed. Finally, the set of all treated zip codes is
denoted with T , while the one including all control zip codes is denoted with C.
Economic impact and policy implications from urban shared transportation
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We begin by examining the overall effect by performing the regression analysis of Eq (2).
To reiterate, coefficient δ captures the average effect of the bike shared system on the depen-
dent variable, i.e., the real estate value. Our regression analysis results in δ = 2985 (p-value
<0.1), i.e., on average the presence of shared bike stations adds approximately an extra $3,000
value on average as compared to the areas without the docks, or approximately a 2.5% increase.
For further validation of this effect we perform the following experiment.
Having established the presence of an effect at an aggregate level, we delve into the details
for every zip code. In particular, for every treated zip code i 2 T we calculate the average dif-
ference-in-differences with the control zip codes:
d i ¼
X
j2C
di;j
jCj
ð6Þ
With Δi being the dataset obtained from the difference-in-differences between treated zip code
i and the control zip codes, i.e., Di ¼ fdij; 8j 2 Cg, we can further perform the following test:
H0 : d i ¼ 0 ð7Þ
H1 : d i > 0 ð8Þ
Note here that we perform the one-sided test since this is the direction of interest for our
hypotheses. Table 2 presents the results for each of the treated zip-codes. As we can observe,
Table 2. The average DD for all the treated subjects is positive (and statistically significant) leading to
the conclusion that the shared bike system has a positive impact on the real estate valuation. Signifi-
cance codes: 0 ‘***’ 0.01 ‘**’ 0.05 ‘*’ 0.1 ‘.’ 1 ‘’.
Zip Code δ i ($)
15206 7,374***
15203 874**
15214 2,474***
15212 374
15213 4,474***
15219 2,274***
15222 1,074***
15232 5,674***
15233 2,274***
https://doi.org/10.1371/journal.pone.0184092.t002
Table 1. The difference-in-differences between Pittsburgh and nearby similar cities implies a positive
effect from the shared bike system.
City Difference-in-differences
Allentown, PA 2,300
Baltimore, MD 700
Buffalo, NY 1,900
Cincinnati, OH -100
Cleveland, OH -100
Harrisburg, PA 1,100
Rochester, NY 200
Youngstown, OH 1,200
p-value 0.03
https://doi.org/10.1371/journal.pone.0184092.t001
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the (average) difference-in-differences is positive for all the zip-codes that were subjected to
the intervention. Furthermore, this average is statistically significant, at (least at) the 1% signif-
icance level, in ϕτ = 88% of the treated subjects. Only exception is the zipcode 15212, where
while d15212 > 0, the corresponding p-value is 0.16. However, note here that, 15212 received a
small treatment level with only one shared bike station in 15212. This single shared bike station
might not be enough to generate a significant positive impact on the housing properties within
15212. In the supplementary material (S2 Text) we further examine the significance of the
value of ϕτ through a null experiment.
An interesting aspect of our dataset is the fact that we can define different levels of interven-
tion λi for every treated zip code i 2 T based on the number of bike stations that were
installed. As aforementioned there are zip codes that have just one station, while there are
other zip codes that have as many as 12. Fig 4 depicts d i as a function of the intervention level
λi. As we can see for small λi, increasing the treatment leads to an increase on the effect. How-
ever, beyond a specific level (in our dataset this corresponds to λ = 7), the effect reduces, even
though it remains positive. One of the potential reasons for this behavior can be the perception
of city-dwellers and home owners/buyers that additional bike stations remove valuable curb
parking spots from the already limited supply. Given the high value of a parking spot [27], it is
possible that reducing their number will affect negatively the perception of the real estate value
of the area. Unfortunately, regardless of how plausible this explanation appears, our data can-
not further support or reject this hypothesis and it is only a speculation at this point.
Fig 4. Increasing the number of shared bike stations within a zip code beyond a threshold, might have counter-
intuitive results.
https://doi.org/10.1371/journal.pone.0184092.g004
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Finally, we break down the impact of shared bike system on different types of housing.
Table 3 presents the average difference-in-difference for every zip code and housing type. For
some specific combinations of zip codes and housing type Zillow does not provide any infor-
mation, potentially due to the small number of this dwelling type in the specific zip code.
Given that it is also possible that individual zip codes include a small sample size of each dwell-
ing unit and hence, the corresponding coefficient might be biased even if it is statistically sig-
nificant (e.g., think of a zip code with only five houses of a specific dwelling type unit for
calculating the median housing value). Therefore, in order to obtain more robust and mean-
ingful results, we focus on the last row of the table, where we present the average difference-in-
differences coefficient for each type of dwelling unit over all the zip codes As we can see the
positive impact is clear on almost all types of dwellings. However, there is one case where the
average difference-in-differences is negative (at the significance level of α = 0.1). This corre-
sponds to dwelling units with at least 5 bedrooms. In hindsight, one might have expected this,
since the owners of such big dwellings are typically people that rely on auto-mobiles for their
commute needs. Hence, they do not see any value on a shared bike system. In fact, Young and
Jones [28], analyzing census data reveal that car ownership is significantly increased for dwell-
ing units with 5 or more bedrooms. Furthermore, as alluded to above, these dwellers might
actually perceive the presence of the stations as negative in the sense of reduced parking sup-
ply. However, overall, the positive impact of the system on Pittsburgh’s real estate market is
indubitable from our analysis in the section.
3.1.3 Parallel trend assumption. As mentioned in Section 3 in order for the difference-
in-differences method to be able to provide reliable results and conclusions, the parallel trend
assumption needs to be satisfied. In order to test whether this assumption is satisfied in our
dataset, we can compute the difference-in-differences between the treated and the control
groups for earlier time periods that do not include the installation of the bike system (i.e., the
treatment). If the computed difference-in-differences is insignificant, i.e., δ = 0 for all statistical
purposes, then the parallel trend assumption holds [29].
In what follows we examine the parallel trend assumption for both the microscopic and
macroscopic analyses. In particular, we will examine the difference-in-differences coefficient
at the zip code level as well as at the city level. For applying DD, we choose exactly the same
period but one year back (i.e., 01/2014-07/2014) as well as the second half of 2014 (i.e., 07/
2014-12/2014). Tables 4 and 5 presents the average difference-in-differences for the two time
periods for both the zip code and city level.
Table 3. Owners of large houses (5 and more bedrooms) appear to not value the presence of a shared-bike system since the average difference-in-
differences for these type of houses is negative. Owners of such types of dwellings rely on auto-commute and hence, they might view bike stations as
harmful (e.g., reducing parking availability). The significance codes correspond to the hypothesis test described by Eqs (7) and (8): 0 ‘***’ 0.01 ‘**’ 0.05 ‘*’
0.1 ‘.’ 1 ‘’.
Zip Code / House Type 1 Bed 2 Beds 3 Beds 4 Beds 5+ Beds Condos Single Family
15206 8,175*** 2,838*** 5,216*** 8,659*** -7,654*** 8,060*** 6,509***
15214 N/A 2,638*** 1,216*** -1,340** -2,454 4,060*** 2,209***
15212 -525 2,138*** 316 -1,740*** -3,454* 2,860*** -90
15213 3,175*** 1,238*** 6,616*** 3,759*** -13,954*** 2,960*** 5,309***
15219 11,875*** 2,738*** -983*** 2,359*** -3,954* 3,260*** 3,009***
15222 -625 -9,661*** N/A N/A N/A 360 N/A
15232 1,575*** 5,538*** 4,716*** 20,259*** 4,645** -339 21,509***
15233 N/A N/A 916*** 5,059*** N/A 2,160*** 309
All (average) 3,941* 1,066 2,573* 5,287* -4,469. 2,922** 5,537*
https://doi.org/10.1371/journal.pone.0184092.t003
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As we can see from the results half of the treated zip codes exhibit positive difference-in-dif-
ference during these reference periods, while the rest exhibit negative. In other words, the frac-
tion of zip codes exhibiting positive difference-in-difference is equal to the one that might
have been expected just by chance. The corresponding p-values for testing whether the average
coefficient δ is different than zero, conclude that δ is insignificant. The same is true for the
macroscopic analysis, where as we can see from Table 5 the inter-city DD coefficient is insig-
nificant. This result further strengthens our conclusions for a positive effect of the bike shared
system on the real estate prices, since the crucial parallel trend assumption for the difference-
in-differences methods holds in our setting.
Given that we have observational data, the above analysis is essentially rejecting the possi-
bility of reverse causation. In particular, even though as alluded to above there was not any
detailed planning that went into the initial deployment of the system, it could still be the case
that the increasing trend in the real estate market within specific zip-codes (or cities) subcon-
sciously led the operator to install shared bike system in specific locations. Therefore, the
observed positive average difference-in-differences might have been related with some latent
external factors that led to an increase in the housing prices in these areas, which then led the
share bike system operator choose the shared bike station locations. However, the results from
our analysis reject this possibility, since prior to the treatment the average difference-in-differ-
ences was 0 for all practical purposes. Hence, prior the installation of the system there was not
an increasing differential trend in the specific zip codes that could have been a subconscious
Table 4. The average difference-in-differences for the treated zip codes for two selected periods with-
out the shared bike system intervention. The overall DD coefficient is not significant for either of the time
periods examined. Significance codes: 0 ‘***’ 0.01 ‘**’ 0.05 ‘*’ 0.1 ‘.’ 1 ‘’.
Zip Code 01/2014-07/2014 07/2014-12/2014
15206 −5,297*** −2,263***
15203 11,102** 9,236***
15214 −6,897*** −1,863***
15212 −5,697*** −663**
15213 4,402*** 2,836***
15219 −3,997*** −669**
15222 11,202*** −11,363***
15232 19,402*** 13,436***
15233 3,802*** 136
p-value 0.3 0.7
https://doi.org/10.1371/journal.pone.0184092.t004
Table 5. The parallel trend assumption is satisfied at the macroscopic level as well. The inter-city differ-
ence-in-differences coefficient is insignificant for the periods preceding the treatment.
Zip Code 01/2014-07/2014 07/2014-12/2014
Allentown, PA -3,900 -1,600
Baltimore, MD -100 2,500
Buffalo, NY 100 600
Cincinnati, OH -800 -900
Cleveland, OH 300 900
Harrisburg, PA 100 3,300
Rochester, NY 900 1,600
Youngstown, OH 1,500 2,000
p-value 0.7 0.11
https://doi.org/10.1371/journal.pone.0184092.t005
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factor for the operator for installing the shared bike docks (since to reiterate the operator has
verified to us that there was not a focused study for the locations of the docks).
We would like to emphasize here that while overall there is not any trend identified with
regards to the difference-in-differences, individual zip codes (or cities) exhibit non-zero differ-
ence-in-differences. Of course, one should not expect to obtain a coefficient exactly equal to 0
in order to conclude that there is not any trend. The housing market has an inherent volatility
that contributes towards this observations. Furthermore, these non-zero coefficients can
potentially capture the impact of other externalities (irrelevant to the shared bike system) that
were present during the examined period. However, despite these possibilities when consider-
ing an individual zip code (or city), overall there is not any trend, providing us with important
evidence for the robustness of our conclusions.
3.1.4 Diagnosis of standard errors. As discussed by Bertrand et al. [30] apart from het-
erogeneous pre-treatment trends, one of the most significant potential problems with the dif-
ference-in-differences method is that of correlations within the residuals. Prior work [23, 30,
31] has relied on random treatment models as a robustness check. This random implementa-
tion model determines the probability of the observed effect occurring purely by chance. This
placebo test allows us to clearly identify (i) if correlation within spatial units (i.e., cities or zip
codes) is unaccounted for, and (ii) the extent to which changes in the housing values may be
occurring in untreated locations, or the effect of the bike treatment is driven by a single—or
few—location, essentially providing a check agains outliers.
In our macroscopic experiment we assigned randomly the treatment to the different cities
considered and calculated the placebo difference-in-differences coefficient. Our results indi-
cate that we cannot reject the null hypothesis that the coefficient is not zero. For the micro-
scopic experiment, we assign randomly the treated areas (equal to the number of treated areas
in the real-world setting) and we keep the rest of the zip codes as our randomized controls. To
reiterate, from this randomization we can obtain an estimate of the coefficient δ expected by
chance. By repeating this process B times (in our case we set B ¼ 500) we can obtain an esti-
mate of the probability of observing a value equal or greater than δ = 2985, i.e., the one from
the real setting, by chance. Fig 5 depicts the distribution of δ obtained from our experiment.
For comparison, we also mark the value of δ in the real setting with a vertical dashed line. The
results for this experiment show that there is an exceptionally small probability (0.01) of the
obtained coefficient to have been observed by luck, further strengthening the conclusion for
the impact of the shared bike systems on the housing values. These results suggest that correla-
tions within the city/zip codes have been accounted for.
3.2 Hypothesis 2
Until now we have focused on the actual value of the dwelling units. Nevertheless, a large part
of the population is renting their housing and hence, it is important to identify any effect on
rental properties as well. Following the same analysis as above we compute the average differ-
ence-in-differences for the rental properties in the treated zip codes. Table 6 depicts our
results. As we can see the installation of the shared bike system leads to an increase in the rental
prices as well, thus, capturing the value of the system for the house rental market. Even though
not as strong as the effect on the actual property values, on average, i.e., over all the treated zip
codes, the difference-in-differences is $26.5 (p-value< 0.05). This means that the additional
increase in the rent price due to the presence of the shared bike system is $26.5. The same
result was obtained through the linear regression model (2). Note here that the parallel trend
assumption also holds for the rental prices (aggregate difference-in-differences coefficient for
the pre-treatment periods examined were 0.11 and 0.13 respectively with p-value > 0.85).
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Fig 5. The difference-in-differences regression coefficient with random assignment of treatment
provides an effect centered around 0 (and slightly skewed to the left), strengthening our conclusions
for the impact of shared bike systems.
https://doi.org/10.1371/journal.pone.0184092.g005
Table 6. The operations of the shared bike system increases the rental values. Significance codes: 0
‘***’ 0.01 ‘**’ 0.05 ‘*’ 0.1 ‘.’ 1 ‘’.
Zip Code δ i ($)
15206 24***
15201 25**
15214 3
15212 15**
15213 −8*
15219 −17**
15222 128***
15224 12**
15232 47***
15233 36***
https://doi.org/10.1371/journal.pone.0184092.t006
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Furthermore, we performed the same placebo experiment as above, for the rental prices and
we find that the value observed (i.e., $26.5) has a very small likelihood of having been observed
by chance. In particular, the placebo difference-in-differences coefficient is insignificant
($12.5, p-value = 0.16).
We further examine the relationship between the number of shared bike stations and δ. Fig
6 presents the results. As we can see the behavior is different compared to the dwelling sales
price. More specifically, for small number of stations the effect is fairly constant. However, fur-
ther increasing the capacity of the system leads to a large increase in the rental prices. This is in
stark contrast with the pattern observed in Fig 4. This discrepancy can potentially be explained
from the different demographics of people that rent and own their dwelling units respectively.
In particular, renters tend to be college students and young professionals (two sizable demo-
graphics in the city of Pittsburgh) who are largely advocates of the new urbanism movement
and value greatly alternative modes of transportation over cars [32]. On the contrary, and as
alluded to above, home owners seem to perceive the presence of many bike stations less posi-
tive since they eliminate valuable curb parking spaces (detailed demographics are presented in
supplementary material S3 Text). Of course, this does not mean that this increasing pattern
will persist as we keep adding more bike stations. Furthermore, for each of the values of the
independent variable of this relationship (i.e., the number of bike stations) we have very few
observations (in most of the cases only one). This essentially means that the relationship iden-
tified might not be as robust as the aggregate difference-in-differences coefficient estimates.
Note here that this also applied to the relationship presented in Fig 4.
We also performed a macroscopic analysis comparing the rent index of Pittsburgh with
that of other similar cities (the same as in Table 1). The average difference-in-differences is
$-16.5 with a p-value of 0.38, and hence, for all statistical purposes it cannot be deemed differ-
ent than 0. Of course, given the fairly small sample size the statistical power of the test might
not be enough to detect small, but significant, differences. Nevertheless, even though in a
microscopic scale there appears to be an impact on rent values, our macroscopic results do not
allow us to fully support Hypothesis 2.
One of the main reasons for the different effect on the property value and rent prices might
be the different temporal dynamics of the two markets. In particular, rental prices do not alter
Fig 6. The average difference-in-differences for rental properties as a function of the number of
shared bike stations exhibits different behavior as compared to dwelling sales price.
https://doi.org/10.1371/journal.pone.0184092.g006
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as fast as property values can change. While individual houses are not sold as often, within a
zipcod several properties are sold each month allowing for the market to react faster. On the
contrary, typically rental prices have an annual-cycle and hence, re-adjustments of prices
might be less immediate due to long-term leasing agreements that cannot be altered prior to
their expiration. For example, the owner of a rental property that was occupied by a tenant
during June 2015 with a lease valid through the end of 2015 could not adjusted adjusted the
rent price earlier. On the contrary a home owner with her house on the market during June
2015, could potentially adjust the asking price if she wanted.
4 Discussion
The positive impact on the housing values is consequently translated to increased income for
the local government due to increased property taxes. For example, the average property tax
for the zip codes in Table 2 is approximately 3%. Hence, the local government of Pittsburgh
will obtain on average an additional $2,985  0.03 $90 per dwelling unit within these zip
codes. From this perspective, local governments can view similar shared transportation sys-
tems as investments that can be paid off fairly quickly through the increased property taxes.
Nevertheless, extreme care through appropriate policies needs to be taken from the local
governments in order to avoid side effects that this new mode of transportation might cause.
The areas with the shared bike stations—at least in Pittsburgh—are areas with medium to high
income households on average. Hence, even a small increase in the housing prices and the cor-
responding property tax can have a significant effect in dislocating the parts of the population
that belong to the lower layers of the income scale, or providing a barrier-to-entry for families
that would like to relocate within the areas under consideration. Even when gentrification
within a neighborhood does not happen (e.g., because the neighborhood itself is homogenous
with respect to socio-economic factors), public/private investment in shared bike systems can
potentially exacerbate the wealth gap between neighborhoods; the appreciation of the real
estate in one area leads to more wealth to their owners and “rich-gets-richer” phenomena can
appear. One could argue that higher property values increase the net worth of everyone includ-
ing those in the lower layers of the income scale. While this is true this assets lack liquidity and
hence, cannot immediately compensate for the increased cost of owning a house. The rising
cost of housing is in general associated with lower consumer purchasing power, which further
burdens the dwellers in the lower layers of the income scale.
Furthermore, the fact that the parallel trend assumption holds essentially means that the
housing prices within the various zip codes in Pittsburgh exhibited homogeneous changes.
Hence, even though the treatment and control zip codes can exhibit differences (one of which
is the accumulated wealth), these differences did not reflect any difference in the changes of
the real estate market in the corresponding neighborhoods. However, the installation of the
shared bike system triggered this increase and it might have been a combination of the shared
bike system and other differences between the neighborhood (which to reiterate had not lead
to changes prior to the shared bikes) that is responsible for the increase in the real estate value.
Simply put, the shared bike system might have just been the catalyst of the observed increase
in the housing prices. In what follows we briefly provide the blueprint of two possible policies
that can potentially avoid gentrification and further wealth gap increase. We also discuss possi-
ble technical difficulties and obstacles in their implementation.
4.1 Bike benefit districts
The additional income from the increased property taxes can be split into three funds, the
infrastructure, the development and the tax refund funds. The infrastructure fund will
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contribute towards paying off the initial investment of the shared bike system, while the devel-
opment fund will be returned back to the districts that generated this revenue. Of course, such
a policy would require the main investment in the shared bike system to be public and not pri-
vate. The distribution of the development fund can be either based on the number of shared
bike stations, the population or even the number of shared bike system users per district.
These proceeds will be further used for urban (re)development of these districts (e.g., new
pavement, green spaces etc.). The tax refund fund will be used to subsidize the housing tax of
lower income families within the district, essentially lowering the effective housing tax rate for
these dwellers in an effort to avoid their displacement. Similar benefit districts (with the excep-
tion of the tax refund fund) have been created in a number of cities with respect to income
generated from parking metered zones. The poster child for such parking benefit districts is
Pasadena, CA, which managed to rejuvenate its downtown area solely through the revenue
generated from parking meters [33]. However, contrary to parking benefit districts there are
some important details that need to be considered in order for bike benefit districts to succeed.
For instance, in the case of parking there is no ambiguity with regards to which districts is
responsible for the parking revenue generated, that is, the district where the parking meter is
located. However, in the case of a bike benefit district there are two stations involved; an origin
one and a destination one, which can belong to different districts. Which district should get
the benefit? Furthermore, while metered parking spaces are ubiquitous the same is not true for
shared bike stations. Given this, dwellers of districts with no shared bike infrastructure can
potentially feel disadvantaged, thus, creating unnecessary tensions. In general, while bike bene-
fit districts is a simple idea that has a precedent at parking benefit districts, there are some
technical details that need to be considered in order for a similar policy to work.
4.2 Gas emission urban trade market
One other way to potentially avoid the aforementioned gentrification phenomena, is through a
carefully designed gas emission urban trade market. In particular, the local government will
need to first identify the effect of the shared bike system on gas emissions. This can be done by
using a methodology similar to the one used in our work and the appropriate dataset (e.g., par-
ticulate matter concentration). Consequently depending on the effect of each area in reducing
the gas emissions, property tax allowances will be provided as an incentive for dwellers to
adopt the use of the system. For the rental properties, subsidies can be provided for the dwellers
that are user’s of the system as well. If carefully designed and operated this can have the poten-
tial to increase the revenue of the system, thus, (i) making it self-sustained, (ii) improving the
quality of life in the city and (iii) avoiding gentrification effects. Nevertheless, a gas emission
trade market in an urban scale does not come with out challenges. The most crucial one is how
to accurately measure the gas emissions at such a small spatial scale. Furthermore, similar to
the bike benefit districts, dwellers in areas without shared bike stations can be disadvantaged.
Overall, we believe that both suggested policies have the potential to (a) alleviate possible
gentrification problems driven by the shared bike system, and/or (b) help with funds for
financing public tasks in the corresponding areas. However, given that the focus of our work is
not to analyze policy impacts or its feasibility, our presentation has been only at a high level. In
order for the potentials of these (or other) policies to be realized a more detailed plan of imple-
mentation need to be laid out.
5 Conclusions
In this work we examine the effect of shared bike systems on the real estate market using data
from the city of Pittsburgh. For our analysis we rely on the difference-in-differences method, a
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quasi-experimental technique. Our results indicate that there is a clear positive impact of this
new mode of transportation on the housing prices. We further discuss the implications this
can have both for the local governments (i.e., increased income through property taxes) as well
as for the city dwellers (i.e., gentrification). We finally propose two specific policies that can
exploit this effect for the common, social good of a city.
We would like to emphasize here that we only have observational data and hence, we are
limited in what conclusions we can make. Furthermore, our experimental design allows us to
make conclusions for the short term impact of the shared bike system in the city of Pittsburgh.
In other words, we cannot claim that this benefits are sustainable in the long-term. Most
importantly, given that our data are obtained from the city of Pittsburgh, more analysis is
required in order to examine how generalizable and transferable our conclusions are. For
instance, the positive impact on the real estate values might disappear in a large city such as
NYC or a city that is not bike friendly (e.g., Los Angeles, Atlanta etc.). Hence, our study needs
to be seen as a positive (case study) evidence for the value of shared bike systems. We hope
that our work will stimulate further research on the economic benefits of sustainable and mul-
timodal transportation modes.
As part of our future work, we opt to examine more cities and explore whether the results
are generalizable and how potential differences on the observed effects can be explained. More
importantly though, we plan to delve into the suggested policies in order to recommend solid
solutions to avoid the possible negative externalities.
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